Smart materials which convert energy between multiple physical domains form integral part of smart and intelligent structures. Active and multifunctional smart materials having self sensing and adaptive capabilities are used to develop intelligent structures employed for applications like sensing, actuation, active control etc. Magneto-electro-elastic (MEE) materials belong to the family of smart materials; exhibit magnetic-electric-mechanical coupling effect in such a way that they produce electric and magnetic field when deformed and conversely, undergo deformation when subjected to electric and magnetic field. In addition to this, a magneto-electric coupling effect which is absent in the constituent phases is exhibited by these class of magnetoelectro-elastic materials. Due to exceptional nature of these materials to convert one form of energy into another, multifunctional materials can be developed which find widespread applications in areas like magnetic field probes, acoustic devices, medical ultrasonic imaging, sensors and actuators etc. The behavior of MEE sensors bonded at different locations on an elastic base plate and the effect of boundary conditions on the dynamic response will help to B.Biju, N.Ganesan and K.Shankar, Transient Dynamic Behavior of Two Phase Magneto-Electro-Elastic Sensors Bonded to Elastic Rectangular Plates determine the best operating conditions of MEE devices which in turn will lead to emerging areas for application of magneto-electro-elastic materials as sensors and actuators.
Fibrous composites consisting of piezomagnetic cobalt iron oxide (CoFe 2 O 4 ) matrix reinforced by piezoelectric barium titanate (BaTiO 3 ) fibers [1] are analyzed for the sensory response. Both phases are transversely isotropic with the axis of symmetry oriented in the z-direction. Aboudi [2] has employed a homogenization method assuming that the composites have a periodic structure, for predicting the effective moduli of magneto-electro-elastic composites. Huang and Yu [3] examined the dynamic electromechanical responses of piezoelectric rectangular plate based on the three-dimensional linear piezoelectricity. The displacements and the electric potential were expanded through the plate thickness and the responses were expressed in terms of Fourier coefficients. A mathematical model was proposed by Qing et al. [4] for static analysis of a hybrid laminate and dynamic analysis of a clamped aluminum plate with piezoelectric patches.
The same linear quadrilateral element is used to discretize the plate and patches to account for the compatibility of generalized displacements and generalized stresses on the interface between the plate and patches. Sunar et al. [5] has made finite element modeling of a fully coupled thermopiezomagnetic medium using a thermodynamic potential. Sirohi et al. [6] investigated the piezoelectric strain sensor in which strain is measured in terms of charge developed by direct piezoelectric effect. Huang et al. [7] examined the dynamic electromechanical response of piezoelectric sensors and actuators which are modeled as rectangular plate and the variation of electric potential, stresses and electric displacements across the thickness were evaluated. Ghosh et al. [8] has presented the 3D finite element formulation of composite laminate containing magnetostrictive patches. Galopin et al. [9] has done finite element modeling of magneto electric sensors and the magneto electric effect stemming from piezoelectric and magnetostrictive composite was studied. Pietrzakowski et al. [10] dealt with active vibration control of rectangular plates containing piezoelectric sensor/actuator layers using velocity control feed back to suppress vibration. Daga et al. [11] has studied the behavior of MEE sensors bonded to beam under transient mechanical loading using plane stress assumption. Miniger et al. [12] has presented 3D finite element model of a bi-layer beam subjected to magnetic fields and subsequently developed a cylindrical magnetoelectric sensor. The transient response of a bi-layer multiferroic composite plate was studied by Wang et al. [13] . Biju et al. [14] studied the dynamic response of multiphase MEE sensors bonded to beams using magnetic vector potential approach.
The present work is an application oriented numerical study of multiphase magneto-electroelastic composite using magnetic vector potential approach, for sensing applications. It deals with transient response of magneto-electro-elastic sensor bonded to a mild steel rectangular plate. The purpose of the sensor is to measure the electric and magnetic response to applied mechanical loading. The aim of the study is to find how different volume fractions of the composite behave in sensor applications at various locations on the plate subjected to different boundary conditions. The sensor is bonded on the top surface of the plate and three dimensional theory of elasticity is used to model the continuum. A perfect bonding between the mild steel plate and the sensor is assumed and the present study ignores the potential noise effects which come across during experiments.
Response of the sensor is studied when the plate is subjected to a time-harmonic point load excitation in transverse direction with different boundary conditions so as to investigate the influence of boundary condition on the dynamic response.These studies will be highly useful when we use MEE sensors and actuators for active vibration control of structures. Commercial finite element package ANSYS is used to validate the computer code developed for the study.
ANSYS cannot model fully coupled magneto-electro-elastic materials but it can model piezoelectric PZT-5 which is used to compare the results of the code.
II THEORETICAL FORMULATION a. Constitutive Equations
The constitutive equations for the MEE medium [5] 
The energy functional π neglecting surface tractions [5] can be written as
where , , u A φ are mechanical displacement, electric scalar potential and magnetic vector potential respectively. b P , v ρ and J are the body force, free charge density and total current vector respectively.
The generalized Hamilton principle has the form 
where T is the kinetic energy.
Equation (7) can be rewritten as
Accordingly the following equations with appropriate boundary conditions must be satisfied for a magneto-electro-elastic medium.
where equation (9, 
An eight nodded isoparametric element having the following shape function is used.
where ξ , η and τ are the natural coordinates.
The strains can be related to the nodal degree of freedom by the following expression
where [ ] u B , the strain displacement matrix can be written as 
Recalling the Maxwell's relations
In Cartesian coordinates
The electric field vector can be expressed as
The electric field vector can be related to the electric potential as a nodal degree of freedom using the following expression as
The derivative of shape function matrix [ ] B φ matrix is given below as
The magnetic flux density vector can be expressed as
The magnetic field vector can be related to the magnetic vector potentials as nodal degrees of freedom using the following expression as
where
Evaluation of Elemental Matrices
The finite element equations for MEE solid can be written as Different elemental matrices in Equation (23) are defined as
e. Solution technique for system of equations
The system of equations is solved using Newmark-beta implicit method. The damping is assumed to be proportional damping and the damping matrix is derived as
whereα , β are the proportional damping coefficients depending on natural frequencies of the structure. When electric and magnetic loading are absent, for transient mechanical loading
Equation (23) 
Equation (26) can be used to evaluate the transient response of MEE continuum.
III RESULTS AND DISCUSSIONS
The plate is modelled with 8 node isoparametric element with sufficient numbers of elements across the thickness direction to capture the bending behavior of the plate correctly. The A computer code has been developed to study the response of magneto-electro-elastic sensor bonded on the top surface of a mild steel plate while the plate is subjected to dynamic loading.
The load cycle for transient dynamic analysis is shown in Fig 4. A rectangular wave made up of a fundamental frequency and its combined odd and even harmonics is used as the load cycle. The electric and magnetic potentials are assumed zero at the clamped end.The mild steel plate will be A comparison of the maximum electrical potential generated for different sensor locations with the base plate subjected different boundary conditions is shown in Table 2 . It is seen that the maximum electric potential is generated for FCFC boundary condition with the sensor located at an off set distance of 0.075m from the edge of the plate. The minimum electric potential is also for the same boundary condition with the sensor located near the edge of the plate. from the edge. The decay in response is very slow for CFFC boundary condition with sensor at the centre due to the influence of higher harmonics. These studies will be bench mark solutions in size, shape and location optimization of magneto-electro-elastic sensors and actuators during active vibration control.
